ABSTRACT Spatial and temporal variation in the genetic structure of local populations of tobacco budworm Heliothis virescens (F.) were surveyed using 11 polymorphic allozyme and 36 random ampliÞed polymorphic DNA (RAPD)-polymerase chain reaction markers. Allelic and genotypic frequencies were calculated from male moths caught in pheromone traps from 5 to 6 local populations from 1995 to 1997. Overall, populations showed little spatial differentiation that indicates a high effective gene ßow rate over the spatial scale under investigation. The data show that allelic differentiation arose more frequently in the second generation than in any other generation, suggesting that dispersal was more limited during this period of the summer. Based on allozyme data, estimates of WrightÕs standardized genetic variance among populations, F ST , ranged from 0.001 to 0.018, with the highest values found from the second generation. Estimates based on bootstrapping over loci suggested that genetic variance among populations was signiÞcantly higher in the second generation than other generations. Genetic variance tended to increase progressively through the season, peaking in the second generation and decreasing in the latter part of the summer. This temporal pattern of genetic structure is concomitant with changes in gene ßow rates and may be inßuenced by phenological changes in the primary host plants. The F ST estimates and average heterozygosity from RAPD markers were consistently higher than those estimated from allozyme markers. However, patterns of change over the course of the summer were similar, and the two types of genetic markers provide similar insights into the dispersal biology of H. virescens.
POPULATION STRUCTURE AND GENE ßow are critical features of agriculturally important species because of their potential effect on the rate of development of insecticide resistance and on implementation of management strategies (Schneider et al. 1989 , Caprio and Tabashnik 1992 , Mallet and Porter 1992 , Alstad and Andow 1995 . In Australia, the interaction between gene ßow in the spring generation and selection pressure in the midsummer generation contributed to a cyclical pattern of pyrethroid resistance frequencies in Helicoverpa armigera (Daly 1993) . It is well documented that the New World heliothine species, Heliothis virescens (F.), is able to develop resistance to almost all classes of insecticides. While heterogeneity in population pressure and insecticide resistance exists at a spatial scale on the order of a few Þelds or farms, widespread pyrethroid resistance of H. virescens from Texas cotton Þelds possibly originated in parts of the state where frequent pyrethroid applications selected for resistant populations (Westbrook et al. 1990 ). This interpretation is consistent with model predictions (Caprio and Tabashnik 1992) , and suggests the importance of understanding population structure at both regional and local scales in understanding the evolutionary mechanism of insecticide resistance.
Results from previous studies suggest that effort should be directed to elucidating local population structure if more meaningful and useful information is desired. Allozyme markers have provided a mixed picture of genetic structure in H. virescens (Sluss and Graham 1979, Korman et al. 1993) . WrightÕs standardized genetic variance, F ST , estimated by Sluss and Graham (1979) (F ST ϭ 0.048), was found to be 24 times higher than the estimate by Korman et al. (1993) (F ST ϭ 0.002). Moreover, Korman et al. (1993) found that the genetic variance mainly resided among local populations Ͻ8 km apart, and no genetic differentiation was observed between regional populations across the southeastern United States. These results are consistent with direct measurements of dispersal (Schneider et al. 1989) , and were further conÞrmed by an indirect method using mtDNA markers (Roehrdanz et al. 1994) . These estimates of genetic structure were measured at different spatial scales and at different times of the year. Estimates of F-statistics are a function of the spatial scale from which samples are drawn (Ruckelshaus 1998) . Increasing the size of the subpopulation results in a decrease in the magnitude of the F ST estimate. Accurate estimation of genetic structure depends on the correct deÞnition of "subpopulation," or genetic neighborhood, deÞned as an area within which parents of a central individual can be drawn as if at random.
A large body of literature exists about genetic structure on a spatial scale. While temporal changes in genetic structure have been investigated using allozyme markers in the house ßy (Black and Krafsur 1986) and the monarch butterßy (Eanes and Koehn 1978, Zalucki et al. 1993) , to our knowledge this approach has not been applied to species in an agricultural setting. We hypothesized that a shift in tobacco budworm population structure, resulting from spring immigration to cotton Þelds from wild hosts and fall emigration from senescing cotton, should be reßected in temporal changes in genetic structure. Furthermore, we hypothesized that during the cotton-growing season the moths may be more sedentary because of the presence of suitable, ßowering host plants. Again, this reduced movement may generate observable effects on genetic structure. We were interested in determining whether we could detect changes in genetic structure that would be indicative of seasonal changes in dispersal behavior. We used estimates of population structure (F ST ) over Þne spatial and temporal scales to test the null hypothesis that genetic structure ßuctuates randomly over an ecological time scale. Results from this study are useful in estimating the relative magnitude of dispersal.
F ST is inversely related to effective gene ßow, expressed as Nm ϭ (1/F ST Ϫ 1)/4 (Wright 1951) . Unfortunately, the underlying assumptions of the genetic model and population structure are rarely examined when using F ST in real situations. Slatkin and Barton (1989) showed that estimates of Nm are robust, even in cases in which the restrictive assumptions of the island model and neutrality of the loci are eased. Perhaps a greater concern is that changes in genetic differentiation occur too slowly to be affected by within season changes in dispersal rates. Crow and Aoki (1984) suggested that the time required to approach genetic equilibrium is proportional to population size and inversely proportional to migration rate. The rate of change in differentiation, however, was greatest when no initial differentiation existed between populations, as reported for overwintering Þeld populations of H. virescens . Preliminary simulation models (M.A.C., unpublished data; Han 1999) suggested that differentiation should be detectable with changes in dispersal behavior. In the case of a highly mobile species like H. virescens with a constant dispersal rate, all populations are predicted to approach genetic equilibrium rapidly after a perturbation (Han 1999) . However, if dispersal rates among subpopulations change temporally, they may never attain the static equilibrium state necessary for estimating gene ßow. In this case, the amount of genetic structure will vary between high and low values, neither of which accurately reßects the instantaneous gene ßow rate among subpopulations. The present study provides an empirical examination of this prediction in a natural population. We had two speciÞc objectives: the Þrst to determine whether we could estimate dispersal rates among local populations using measures of genetic variation, while the second was to determine whether the genetic variation among these local populations varied over the course of the summer and with crop phenology. The presence of such seasonal variation would restrict our ability to estimate gene ßow rates from genetic variability measurements because the subpopulations would never attain genetic equilibrium.
In addition to using a set of polymorphic allozymes identiÞed in a previous study , we have employed random ampliÞed polymorphic DNA (RAPD) markers. RAPD-polymerase chain reaction (PCR) is a popular tool in genetic studies because it is simple and easily generates a large number of polymorphic markers, although care must be taken to ensure that only reliable loci are selected (Kazmer et al. 1995) . Because RAPD loci include both single-copy genes and highly repetitive sequences, evolutionary forces operating on this type of DNA appear to be different from that of allozyme loci (Haymer 1994 , Mitton 1994 . We can compare the patterns that emerge from the different markers in deÞning local genetic structures.
Materials and Methods

Sampling
Local subpopulations of H. virescens were sampled in the Delta region of western Mississippi (Morgan City, Leßore County). Six subpopulations within a 10-km radius were sampled from May to September using one pheromone trap per subpopulation over 3 yr. Pheromone lures were replaced biweekly. Each trap represented a subpopulation, and were spaced at least 1 km apart at the borders of cotton Þelds. Live male moths caught by the traps were brought to lab after each routine examination (twice per week) and stored at Ϫ80ЊC until electrophoresis. Trends in total catches over time for the population were used to classify individual moths into known generation ßights (Luttrell 1994) . If fewer than 20 live moths were recovered for a generation from a trap, data for that generation from that particular site were considered to be insufÞcient to include in the analysis. Moths from each trap were treated as a subpopulation throughout this study, and samples from the same subpopulation within generations as subsamples. A subset of no more than 18 individuals from each subpopulation per generation was randomly selected for further RAPD analyses. The chosen sample size of 18 individuals allowed all 18 ampliÞcation products from a subpopulation to be run on the same gel, thus reducing the chances of misscoring bands.
Allozyme Analysis
Eleven polymorphic allozyme loci were analyzed in this study : Acph, Ak, Got, Gpi, Had, Mpi, 3Pgd, 6Pgd , and Pgm. Allozyme extraction, separation, staining procedures, and genetic information were as published by Mallet et al. (1993) .
DNA Extraction and RAPD Analysis
The abdomen of each moth was removed and saved for DNA extraction before allozyme analysis. We used a modiÞed Chelex-100 preparation technique (Walsh et al. 1991 ) with a phenol extraction method. Approximately one-third of a male moth was ground in 400 l of 10% Chelex. After centrifugation, the top level solution was mixed with an equal volume of phenol: chloroform:isoamyl alcohol (25:24:1 PCI). The homogenate was cooled, and 30 l of 8 M potassium acetate was added to precipitate the protein. After incubation on ice and centrifugation, the supernatant was pipetted into 2 vol of 95% ethanol to precipitate the DNA. After incubation at Ϫ20ЊC, the DNA was collected by centrifugation and resuspended in 75 l of 10% Chelex. This protocol allowed us to extract DNA from archived samples used in previous allozyme work without major modiÞcations. The concentration of DNA in the Chelex resuspension was determined using a model DQ200 Fluorometer (Hoefer Pharmacia Biotech, San Francisco, CA) and was diluted to a working concentration of 2 ng/l for use in the PCR ampliÞcation.
Decanucleotide arbitrary primers were obtained from Operon Technologies (Alameda, CA). Eighteen primers generating 36 polymorphic RAPD bands (Table 1) were chosen based on the clarity and consistency of banding patterns in preliminary screening. RAPD reactions were carried out in a total volume of 25 l. The reaction mixture consisted of 1.5 U of Promega (Madison, WI) TaqDNA polymerase, 10 ng of template DNA, 100 M dNTPs, 8 pmol primer, 1 mM MgCl 2 , and 2.5 l of 10ϫ Promega reaction buffer, overlaid with 25 l of mineral oil. The PCR sequence started with an initial 3.5-min denaturation at 94ЊC, followed by 40 cycles of 94ЊC (1 min), 36ЊC (1 min), and 72ЊC (90 s), and ended with a Þnal 4-min extension at 72ЊC. The PCR ampliÞcation was executed in a MJ Research (Waltham, MA) PTC-100 thermocycler. AmpliÞcation products were visualized by ethidium bromide staining of DNA after electrophoresis in 0.5% agarose and 0.6% Synergel (DiversiÞed Biotech, Boston, MA) and digitally scanned by a gel documentation system (GDS7500, Kodak). A 123-bp DNA ladder was used on each gel, and the fragment lengths were obtained by analysis of gel documentation Þles with Kodak Digital Science 1D Image Analysis Software. Comparisons between gels were based on fragment size.
Data Analysis
Frequencies of allozyme alleles were calculated for each subpopulation. The distribution of allele frequencies among trap sites was tested for signiÞcant departures of uniformity from those expected by random ßuctuation alone using an exact G-test (GENE-POP; Goudet et al. 1996, Raymond and Rousset 1995) . Genotypic proportions were examined for conformity to Hardy-Weinberg expectations within each site by a contingency 2 test (Swofford and Selender 1981) . Probabilities were combined across loci using Fisher combined probability test (Sokal and Rohlf 1995) .
WrightÕs F-statistics were used to analyze spatial structure. The standardized genetic variance, F ST , is the correlation among alleles from different individuals within a subpopulation, and is an estimate of the extent of population differentiation. Weir and CockerhamÕs (1984) , an unbiased estimator of F ST , was used in the current study. The estimates of the standard deviation of were calculated by jackkniÞng over loci, and their signiÞcance was determined by examination of the bootstrap-generated 95% conÞdence interval around the mean (Weir 1996 , Genetic Data Analysis v1.0; Lewis and Zaykin 2001) . In the context of the neutral alleles model, genetic differentiation and genetic variance (variation in allele frequencies between subpopulations) are both measures of the balance between genetic drift and migration.
Temporal population differentiation was analyzed in two different ways. First, population subdivision over time was examined by partitioning the total genetic variation, by means of F-statistics, hierarchically among individuals, trap sites, generations, and years. The goal was to Þnd the hierarchical level associated with the greatest level of genetic differentiation (e.g., between generations versus between years). The second approach used was based on the empirical distribution of F ST estimates, which was constructed by bootstrapping over loci using 2000 replicates or more OPA-01  CAGGCCCTTC  M500  OPB-04  GGACTGGABT  M990  OPA-08  GTGACGTAGG  M420, M360  OPB-05  TGCGCCCTTC  M1260, M885, M700  OPA-12  TCGGCGATAG  M710, M480  OPB-06  TGCTCTGCCC  M750, M560  OPA-14  TCTGTGCTGG  M780  OPB-07  GGTGACGCAG  M830  OPA-15  TTCCGAACCC  M440, M240  OPB-08  GTCCACACGG  M1000, M725  OPA-16  AGCCAGCGAA  M1200, M800  OPB-10  CTGCTGGGAC  M1000, M800, M420  OPA-19  CAAACGTCGG  M811  OPB-11  GTAGACCCGT  M908, M788, M420  OPA-20  GTTGCGATCC  M740  OPB-15  GGAGGGTGTT  M830, M680, M491  OPB-01  GTTTCGCTCC  M710, M509  OPB-17  AGGGAACGAG  M660, M550, M450, M310 (unless otherwise speciÞed) (Noreen 1989; Weir 1996 , Genetic Data Analysis v1.0) to obtain mean estimates of and their 95% conÞdence intervals. This procedure treats different loci as independent replicates in the process of genetic differentiation. Significant differences between generations were based on nonoverlap of 95% conÞdence intervals. Seasonal trends were tested by resampling to obtain the probability that the results were caused by random variation. Before estimating the allele frequency for the dominant RAPD loci, Hardy-Weinberg equilibrium was tested using the entire allozyme data set. Given that most loci were in Hardy-Weinberg equilibrium (see Results), allele frequencies (p and q) for RAPD loci were estimated using the homozygous null genotypes: ͌q 2 ϭ q and P ϭ 1 Ϫ q. Lynch and Milligan (1994) showed that this approach underestimates q when sample sizes are small. A less biased estimator was formulated including sampling variance of the frequency of null homozygotes (see 2a, p. 93, in Lynch and Milligan 1994) . We applied this procedure to estimate RAPD allele frequencies using the RAPD-BIOS program (Apostol et al. 1996) . A type 2 data set (Swofford and Selender 1981) was generated as input to BIOSYS-1 to estimate measures of intra-and interpopulation genetic statistics. Statistical methods applied to the allozyme data set described above also were applied to the RAPD data.
Results
Moth abundance in cotton Þelds as measured by pheromone trap captures was similar from year to year both in timing of peaks and in density (Fig. 1) . The four moth ßights (generations) of H. virescens in the area were delineated according to the abundance of moths captured by pheromone traps, i.e., before 156 JD (Julian Date), 160 Ð190 JD, 200 Ð220 JD, and after 230 JD. Of the potential 72 traps by generation samples (6 traps sampled over 4 generation/yr over 3 yr), 39 contained sufÞcient numbers to be included in the analysis. Thirty-six alleles were detected at 11 polymorphic allozyme loci.
2 tests examined the goodness-of-Þt of observed genotypic frequencies to those expected under Hardy-Weinberg equilibrium. Few signiÞcant departures from expected genotypic proportions were observed (21 of 411 (5.1%) locus X population 2 tests). This proportion was not signiÞ-cantly greater than the 5% expected for type I error. SigniÞcant values were not clustered in speciÞc generations, years, loci, or trap sites. These results justify the assumption of random mating made for estimating RAPD allele frequencies.
General Patterns of Allelic and Genotypic Diversity
The overall genetic composition of H. virescens varied spatially and temporally throughout the study area. Allele frequencies were temporally heterogeneous at all allozyme loci, except Gpi and 3Pgd, as revealed by 2 contingency tests. However, the frequencies of common allozyme alleles averaged over subpopulations (i.e., traps) were relatively stable over generations at all loci ( Table 2 ). The G-based exact tests for deviations from random allele distributions among trap sites were detected in 12 of 98 tests and varied from year to year. Fisher combined probabilities for the second generations of 1995 and 1996 were significantly Ͻ0.01 ( 2 ϭ 58.45, df ϭ 20; 2 ϭ 52.49, df ϭ 22, respectively), indicating a signiÞcant differentiation in allelic distribution in this particular generation that was not detected in others. The expected heterozygosity of different generations ranged from 0.153 to 0.193 and from 0.377 to 0.415 for allozyme and RAPD loci, respectively, and did not vary signiÞcantly among generations (Table 3) . RAPD markers had a consistently higher heterozygosity than allozyme markers.
Population Spatial Structure and Gene Flow Rate
estimates and the gene ßow rates derived from those estimates varied from generation to generation (Table 4) . For the allozyme data, all the calculated values in the second generation were signiÞcantly different from zero (bootstrapped 95% conÞdence intervals that did not include zero). All F ST estimates from RAPD data using Lynch and MilliganÕs (1994) method (referred to as LynchÕs F ST hereafter) were lower than estimates made by Weir and CockerhamÕs (1984) method (referred to as WeirÕs hereafter), and were slightly higher than those based on allozyme data.
The magnitude of F ST estimates at the same generation differs between years and between estimators. However, a similar seasonal pattern emerged from the spatial differentiation data. F ST estimates increased as the summer progressed, until the last generation. Based on allozyme loci, gene ßow estimates ranged from 17.1 to 249.8. Even the lowest gene ßow rate is high enough to prevent substantial differentiation among subpopulations (Slatkin 1987) . Estimated gene ßow rates tended to decrease as the season proceeded (until G 3 ). Most importantly, differentiation among populations varied during the season, suggesting that the subpopulations may not have been in genetic equilibrium, a critical assumption when estimating gene ßow from population differentiation. 
Temporal Trends in Population Differentiation
Observed changes in genetic structure over generations suggest that populations in the second generation tended to be the most differentiated for a given year (Table 4) . To test this hypothesis, a pseudo population was constructed by including all loci estimates for a particular generation over 3 yr for bootstrap resampling purposes. The estimates of the bootstrapped mean for each generation and its 95% conÞdence interval are presented in Fig. 2 . For the allozyme data, G 2 was the only generation in which signiÞcant population subdivision (95% conÞdence interval excludes zero) occurred. The G 2 population was signiÞcantly subdivided, and its estimate was higher than both G 0 and G 3 , but not G 1 . For the RAPD data, all generation estimates except G 0 were signiÞcantly different from zero, but they did not differ from each other.
Discussion
The data from the current study clearly demonstrate that the amount of genetic structure within these local populations varied systematically over the course of three seasons. Genetic variation among the subpopulations diverged progressively in the early generations and converged in the last generation (Fig.  2) . We propose that this temporal pattern is the result of shifts in the underlying dispersal behavior of H. virescens. There are three phases of dispersal behavior associated with the season that can generate population structure changes: searching, exploiting, and overwintering phases. Moths of the spring generation (G 0 ) migrate into cotton Þelds from surrounding areas where they have overwintered on wild host plants (Stadelbacher et al. 1986) . By June, these wild host plants have disappeared or become less favorable (Parker 2000). Gene frequencies become homogenized because of extensive movement during the spring as a result of host plant searching and destruction by tillage of populations that might have overwintered in cotton Þelds (Schneider 1999) . Local moth populations are least differentiated at this stage. While we were able to collect sufÞcient moths to estimate genetic differentiation during this generation only once over the 3 yr, other studies support the observation that dispersal rates are high at this time (Schneider et al. 1989 . During the midsummer, cotton is the main host available for H. virescens in the Mississippi Delta. Once cotton ßowers, moth movement declines with the availability of a ready nectar source, and genetic differentiation among populations increases (exploitation phase, G 1 -G 2 ). Lopez et al. (1995) found that the ratio of moths captured in pheromone traps in a cropped area relative to an uncropped area was much greater in the midseason (MayÐAugust), also suggesting that dispersal behavior decreases during the summer. Finally, moths disperse from cotton Þelds to overwintering sites during the early fall (perhaps variably starting with either G 3 or G 4 , depending on crop phenology), and population mixing occurs again during this phase, which may last one or more generations (overwintering phase). This three-phase hypothesis is consistent with the observed reduction in gene ßow during the midgrowing season as determined from both allozyme and RAPD data.
An important conclusion to be drawn from the current study is that local populations of H. virescens never reach the genetic equilibrium necessary for estimating gene ßow during the summer months. Seasonal patterns in genetic structure imply that it is not appropriate to infer gene ßow rates from F ST estimates at a single point in time. Violation of the migration/ drift assumption of genetic equilibrium could be caused by demographic parameters of the population, or by frequent local extinction and recolonization events (Wade 1988 , Whitlock 1992 . Variation in dispersal behavior among individuals and among populations of different generations could result in a nonequilibrium state. Although the equilibrium assumption is rarely examined before one estimates gene ßow rates from genetic data, it may be violated more often than generally thought in an agricultural setting.
Results from the current study help explain the wide discrepancy in estimates of gene ßow level in H. virescens previously reported in the literature (Sluss and Graham 1979, Korman et al. 1993) . We propose that reduced mid-season dispersal in H. virescens limits gene ßow in G 1 and G 2 , allowing differentiation to accumulate (although not to reach equilibrium) over Standard deviations were obtained by jackkniÞng over loci. RAPD data were analyzed by the methods of Weir and Cockerham (1984) and Lynch and Milligan (1994) to generate population estimates. The Þrst two digits of the generation code represent the year of the samples, while the number following the G represents the generation of the sample. The ranges of estimates from individual loci are presented. The Nm estimates are based on averages over all loci.
*, Indicates that 95% conÞdence interval around mean determined by bootstrapping over loci does not include zero. a estimates from pseudo populations; see text for details. b P ϭ panmictic.
these generations. Thus, maximal differentiation should be found among populations of G 3 larvae and pupae. Sluss and Graham (1979) reported the highest level of differentiation among larval populations collected from cotton late in the season. Although the geographical conditions varied, in most cases the collected larvae probably corresponded to our G 3 generation. Many RAPD-PCR studies of insect and plant populations have revealed a large number of polymorphic loci (e.g., Apostol et al. 1996 , Lu and Rank 1996 , Szmidt et al. 1996 . Although Ͼ10 polymorphic loci were identiÞed for some primers in our study, we screened our polymorphic loci with extreme caution. Only 36 highly reliable and repeatable loci were chosen for analysis. The average genetic heterozygosity among RAPD loci was over twice that of 11 allozyme loci using the same sample set (Table 3) , and of that in a previous survey of 14 allozyme loci (H ϭ 0.17) . The high heterozygosity of RAPD markers in H. virescens is comparable to that of other insect species, including the mosquito Aedes aegypti (H ϭ 0.354; Apostol et al. 1996) , and the alfalfa leaf-cutting bee Megachile rotundata (H ϭ 0.32Ð 0.35; Lu and Rank 1996) .
The estimates of WeirÕs for RAPD markers were consistently higher than those for allozymes, and more genetic differentiation among populations was revealed by RAPD markers. However, both types of markers share a similar pattern of temporal change of estimates. estimates of the second generation were signiÞcantly different from zero for both sets of markers and from G 0 and G 3 in the allozyme dataset. It is possible that the reason for the higher differentiation estimates from RAPD loci is the inßated sample variance caused by the subset of samples used. This resampling effect was mainly reßected in F ST estimates of LynchÕs unbiased method, which took into account the dominance of RAPD markers in addition to sample size. F ST estimates from this method are comparable with estimates derived from allozyme data. This method seems to be the least sensitive one for detecting population differentiation, and we cannot exclude the possibility that WeirÕs may exaggerate population differentiation estimates based on our data.
Based on the results in this study and previous work ), the genetic structure of H. virescens varies both spatially and temporally. While regional populations across the southeastern United States show little evidence of subdivision, local populations (e.g., Þeld to Þeld) may undergo differentiation because of seasonally restricted gene ßow. Although F ST estimates from one point in time at a given spatial scale may provide valuable information on the genetic structure and population biology, it is not sufÞcient to meet the needs of pest management entomologists and conservation biologists. Indirect methods for estimating gene ßow based on F-statistics are not sufÞciently sensitive to measure or monitor ongoing gene ßow (Sork et al. 1999 ), but our results indicate that genetic loci can provide sufÞcient genetic resolution to monitor patterns of gene ßow on a local scale. The more sedentary behavior of H. virescens in the second generation revealed by our data may be of importance in managing resistance to transgenic crops. The high-dose/refuge tactic has been implemented with transgenic cotton. The efÞcacy of such a strategy, however, depends on dispersal rates between refuges and transgenic Þelds. Dispersal behavior determines the relative size of the refuge population required as well as the temporal and spatial arrangement of refuges. Temporal changes in dispersal rates will further complicate the design of refuges in this system. Our data suggest that movement is more restricted during the summer, but because the populations never reached genetic equilibrium, we were unable to determine the extent of that reduction. Future efforts should be directed toward the direct detection of gene ßow among populations in cotton and other hosts, which would provide generationspeciÞc estimates of immigration rates. Estimation of spatial and temporal dynamics of gene movement can greatly enhance our ability to predict the demographic and genetic responses of H. virescens to naturally occurring and human-mediated population subdivision, such as those that result from the heavy use of chemical insecticides and Bt transgenic crops.
